130 On the 5′ strand of YF structure, both complexes exhibited no clear or very weak activity (C): Kinetics on the free 3′ strand of a Y structure. Both complexes formed two equivalent cleavage products -one corresponding to incision 1 nucleotide after the ss/dsDNA junction (19mer product) and a second cut within the duplex (15mer product). On measuring the catalytic rate of this reaction, however, we observed a difference between the enzyme complexes. SXE processed the 3′ arm of a YF substrate with a substrate half-life of 29 s, in contrast to 44 min for the equivalent XEmediated catalysis. This corresponds to >90-fold increase in rate. Thus, mini-SLX4 strongly induces XPF-ERCC1 incision in a structure-specific manner on Y structured DNA. The decay of the substrate band was quantified and expressed as a Table S2 : Rates comparing crosslinked ICL substrate and non-crosslinked substrate. Rates were determined as they were fitted to data displayed in Figure 6 and Figure S4 . Table S3 : DNA oligonucleotide sequences of the substrates used in this study. Figure S3 .
Annealed as shown in

Relates to Figures 3 -6
Flag-mSlx4 (1-758) primers for cloning into pExpress as a transition for pLox (BST) (SpeI sub-cloned) 
Related to Experimental Procedures Supplemental Experimental Procedures
Mice. Btbd12 f3/f3 generated in the C57BL/6NTac background, were described previously (Crossan et al., 2011) . All animals were maintained in specific pathogenfree conditions. In individual experiments, all mice were matched for age and gender.
All animal experiments undertaken in this study were done so with the approval of the UK Home Office.
Histological analysis was performed on tissues that had been fixed in neutral buffered formalin for 24 h. The samples were then paraffin embedded and 4 µm sections were cut prior to staining with haematoxylin and eosin.
Irradiation of mice was performed using a Cs-137 GSR C1m blood irradiator (Gamma-Service Recycling Gmbh, Germany). Mice received a dose of 900 rads of total body irradiation, split between two equal doses, separated by 4 h. Mice received prophylactic enrofloxacin (Baytril, Bayer) in the drinking water for 7 d before irradiation.
CFU-S assays were performed as described previously (Garaycoechea et al., 2012) .
To assess the frequency of CFU-S in mutant mice, total bone marrow was flushed from the femora and tibiae of mutant mice and appropriate controls. Nucleated cells were enumerated using a solution of 3% acetic acid and methylene blue. The 1x10 5 mutant bone marrow cells were then injected intravenously into recipient irradiated mice that had been lethally irradiated. After 10 d the spleens were fixed in Bouin's solution (Sigma), the number of colonies counted and made relative to the number of total bone marrow cells injected.
Flow cytometry was performed on bone marrow cells that were isolated from the femora and tibiae of mutant mice as described previously (Garaycoechea et al., 2012) . The following antibodies were used to stain for HSCs: FITC-conjugated lineage cocktail with antibodies anti CD4 (clone H129.19, BD Pharmingen), CD3e
(clone 145-2C11, eBioscience), Ly-6G/Gr-1 (clone RB6-8C5, eBioscience), CD11b/Mac-1 (clone M1/70, BD Pharmingen), CD45R/B220 (clone RA3-6B2, BD Pharmingen), Fcϵ R1α (clone MAR-1, eBioscience), CD8a (clone 53-6.7, BD Pharmingen), CD11c (clone N418, eBioscience) and TER-119 (clone Ter119, BD Pharmingen), anti c-Kit (PerCP-Cy5.5, clone 2B8, eBioscience), anti Sca-1 (PE-Cy7, clone D7, eBioscience).
Cloning and Mutagenesis primers used in this study are listed in Table S4 . For complementation analysis the Slx4 cDNA was amplified to encode an N-terminal
Flag-Tag and subcloned into pExpress (as previously described (Crossan et al., 2011). For recombinant protein expression mouse, Slx4 cDNA was amplified and cloned into pOPTM (a generous gift from Dr Olga Perisic). The malE-Slx4 gene fusion was then subcloned into pDEST8 (Life Technologies), as a SalI-NotI fragment.
Mouse cDNA for Ercc1 was amplified to encode a C-terminal 6xHis tag and Xpf without tags; similarly cloned into pDEST8 as SalI-NotI fragments. Site directed mutagenesis of Xpf was performed using In-Fusion cloning, according the manufacturer's instructions (Clontech). Bacmids and virus were prepared according to standard methods.
MEF survival assays were performed essentially as described previously (Crossan et al., 2011) . Briefly, 1000 cells were seeded into each well of a flat bottom 96 well plate before being exposed to different doses of Mitomycin C (MMC). Cells were incubated with MMC for 4 d, before being pulsed with MTS reagent (Promega), after 2 h the wells were processed and the absorbance was measured at 492 nmproviding a marker for cell proliferation/viability. 
Immunoprecipitation and Western Blot analysis
Expression and Purification of protein complexes. Sf9 insect cells (2 L) were
infected at 1-2 x 10 6 cell/ml with tertiary recombinant baculovirus, grown for 68 h and harvested. For XE and SXE complexes all purification steps were carried out in a variation of NENT buffer containing 20 mM Tris pH 8.0, 150-400 mM NaCl, 10%
glycerol, 5 mM TCEP and protein inhibitors cocktail (see Figure 2D for schematics).
Cells were homogenised in NENT buffer supplemented with 40 mM imidazole pH 8.0
and 0.1% NP-40 followed by nickel affinity chromatography on NTA agarose (QIAGEN) and proteins were eluted with NENT buffer, supplemented with 250 mM imidazole pH 8.0. For SXE complex an MBP affinity step (NEB, E8022L) was included and complex was eluted with 20 mM maltose. MBP tag was cleaved with TEV protease O/N at 4˚C. Complexes were diluted with NENT buffer to reduce salt to gradient of salt. Concentrated samples were purified on HiLoad Superose 6 (GE Healthcare) and combined fractions were flash frozen in liquid N 2 . XPF point mutants in XE and SXE complexes were purified by an identical procedure to WT. Mini-SLX4 alone was purified, essentially as described above (omitting the chelate step) with the addition of a monoQ HR column step (eluted over a 0 -1 M NaCl gradient). Mass spectrometry. Protein samples were reduced, alkylated and digested with trypsin, using the Janus liquid handling system (PerkinElmer, UK). The digests were subsequently analysed by LC-MS/MS on an Orbitrap Velos mass spectrometer (ThermoScientific, San Jose, USA). LC-MS/MS data were searched against a protein database (UniProt KB) using the Mascot search engine programme (Matrix Science, UK) (Perkins et al., 1999) . MS/MS data were validated using the Scaffold programme (Proteome Software Inc., USA) (Keller et al., 2002) . All data were additionally interrogated manually. terminus as shown Figure 3D . Enzyme complexes were prepared in 2-fold serial dilution then mixed 1:1 with DNA substrate (50 nM) and analysed using PHERAstar (BMG). The assays were performed in 20 mM Tris pH 8.0, 50 mM NaCl, 5 % Glycerol, 1 mM TCEP, 0.1 mg/ml BSA. Data were fitted using predefined one-site specific binding equation in GraphPad Prism.
Analytical size-exclusion chromatography (SEC
Nuclease assay standard reaction conditions. All reactions were carried out in nuclease buffer NB: 10-50 mM Tris 8.0, 50 mM NaCl, 2 mM MgCl 2 , 1 mM TCEP, 0-5 % Glycerol, 0.1 mg/ml BSA (NEB) at 22˚C. Data were fitted using GraphPad Prism.
Unless otherwise stated DNA substrate sequences for individual experiments are shown schematically in Figure S3 and listed in Table S3 . Cross-linked substrate was synthesised as described below.
Nuclease assay with fluorescently labelled substrate. DNA substrates (ssDNA, ds DNA, 3′ overhang and 5′ overhang) were 5′ labelled with HEX. Y structures were labelled on the free 5′ arm with HEX, and on the free 3′ arm with Cy5. The short stem-loop was labelled with FAM on the 5′ end. Substrates were purified on 15%
denaturing PAGE gel, desalted and annealed by slow cooling from 90˚C. Reactions were initiated by generation of equimolar mixture [100 nM] of given substrate and enzyme XE, SXE and their XPF point mutant D688A. After 10 min reactions were quenched with 80% formamide, 200 mM NaCl, 10 mM EDTA, 0.01% bromophenol blue and analysed on 15% denaturing PAGE. The salt was present in quenching mixture to avoid protein denaturation on the DNA, which caused band smearing. ATP) incorporation was estimated by scintillation counting. Oligonucleotides were annealed by slow cooling from 95˚C and purified from 12% native PAGE gel.
